• Prostate cancer (PCa) is one of the most common cancers in men worldwide, for which there is an urgent need of good diagnostic and prognostic markers. We found that miR-192 is overexpressed in PCa tissue samples compared to normal tissues, and is higher in high-grade PCa compared to lowergrade cancer. We suggest that miR-192 may be considered for use as a potential diagnostic marker of PCa.
Introduction
MicroRNAs (miRNAs/miRs) are a kind of endogenous small noncoding RNA about 22 nucleotides in length. miRNAs had been reported to play an important role in various biological processes, including cell pro- liferation, apoptosis, migration, and autophagy [1, 2] . miRNAs usually act as gene expression posttranscriptional regulators by binding to the 3′ untranslated region (3′ UTR) of targets to inhibit their stability or translational efficiency [3, 4] . Recently, evidence indicates that miRNAs act as a bridge to mediate crosstalk among different types of RNAs in human cells, including long noncoding RNA, circular RNAs, mRNAs, and pseudogene. For example, Karreth et al. [5] reported that miR-653, miR-134, and miR543 mediated the effect of BRAFP1 on BRAF expression and MAPK activation. Li et al. [6] also found that miR-7, miR-17, and miR-214 could mediate the regulation of circ-ITCH in inhibiting esophageal squamous cell carcinoma development by suppressing the Wnt/β-catenin pathway. Therefore, exploring the functions of miRNAs could provide novel insights to identify the mechanisms underlying disease progression.
Prostate cancer (PCa) is one of the most prevalent type of cancer among men worldwide. Levels of prostate-specific antigen (PSA) is the most widely used biomarker for the prognosis of PCa. However, PSA testing has low specificity for PCa [7] [8] [9] . Therefore, there is an urgent need to identify novel diagnostic and prognostic markers for PCa to improve the treatment of the disease. Important roles for miRNAs have been implicated in PCa. A series of miRNAs, including miR-135a [10] , miR-27a [11] , miR-141 [12] , and miR-424 [13] were found to be dysregulated in PCa. In our previous analysis, we observed that miR-192 was overexpressed in PCa. Several studies have demonstrated that miR-192 is involved in the progression of human cancer, including bladder cancer [14] , acute lymphoblastic leukemia [15] , and hepatocellular carcinoma [16] . However, the roles of miR-192 in tumor progression remain uncertain, and miR-192 could act as an oncogene. In hepatocellular carcinoma, miR-192 promotes the proliferation and metastasis of cancer cells by targeting SEMA3A [17] . miR-192 also promotes proliferation in esophageal squamous cell carcinoma by targeting Bim [18] . miR-192 could also serve as a tumor suppressor. For example, miR-192 suppressed the growth of bladder cancer cells by targeting cyclin D1, p21, p27, Bcl-2, Bax, and Mcl-1 [14] . However, the functional roles of miR-192 in PCa remains unclear.
In the present study, we analyzed the pattern of expression of miR-192 in PCa samples by using public datasets. Furthermore, we performed bioinformatic analysis and experimental validation to reveal the potential mechanisms of miR-192 in PCa. The purpose of this study is to ascertain whether miR-192 could serve as a biomarker for PCa.
Materials and Methods
miRNA and mRNA Profile Data Collection miRNA profile data were collected from the GEO database (www.ncbi.nlm.nih.gov/gds, GSE21036). A total of 28 normal samples, 99 primary PCa samples, and 14 metastasis PCa samples were included in GSE21036 [19] . GSE21036 included 58 Gleason 6 PCa samples, 39 Gleason 7 PCa samples, and 14 Gleason 8 and 9 PCa samples. The comparison of miRNA profiles between PCa samples and normal tissues were performed with the Limma package on the R platform using raw microarray data [20] .
The expression data of miR-192 in PCa samples were downloaded from The Cancer Genome Atlas (TCGA; https://tcga-data. nci.nih.gov/tcga/) database. A total of 52 normal prostate samples and 495 PCa samples were included in TCGA datasets. The clinical features of the patients, including age at diagnosis, days to last follow-up, pathological tumor (T) stage and node (N) stage were retrospectively obtained from the patient records. The cut-off for significant differentially expressed miRNA was identified with t test methods by p < 0.05.
Cell Culture
We selected LNCaP, 22RV1, and PC-3 cells to explore the potential roles of miR-192. These cell lines are the most widely used cells in PCa research. LNCaP is an androgen-dependent PCa (ADPC) cell line, 22RV1 is weakly androgen dependent, and PC-3 is an androgen-independent PCa (AIPC) cell line without AR expression. LNCaP, 22RV1, and PC-3 cells were obtained from Shanghai Institutes for Biological Sciences Cell Resource Center. The three PCa cell lines were cultured in Ham's F12K media (Invitrogen, Beijing, China) supplemented with 10% fetal bovine serum.
Cell Transfection
Synthetic miR-192-5p mimic and its scrambled control miRNA (miR-NC) were purchased from Biotend (Shanghai, China). PCa cells were seeded into 6-well plates (Corning, New York, NY, USA) and then transfected using Lipofectamine 3000 reagent (Life, USA) and incubated overnight. Total RNAs were extracted 48 h after transfection.
RNA Extraction and Quantitative RT-PCR
Total RNA for RT-qPCR was extracted using miRNA Purification Kits (CWBIO, China). Reverse transcription was performed with an miRNA cDNA Synthesis Kit (CWBIO). miR-192-5p-specific reverse transcription primer was purchased from (HuaJin, China) SYBR Green Reagents (Bio-Rad, Hercules, CA, USA) was used to measure the microRNA expression. The expression level of miR-192-5p was normalized to U6. The PCR primers for mature miR-192-5p and U6 were designed and purchased from GenePharm. The relative miRNA expression fold change was determined as 2
Cell Proliferation Assay CCK-8 assays were performed to evaluate changes in cell viability. Cells were plated in 96-well plates in a final volume of 100 µL medium/well. Proliferation was detected at 0, 24, 48, 72, and 96 h. Cell viability was quantified by adding 10 µL of CCK-8 (Dojindo, Kumamoto, Japan) to each well. After incubation for 1.5 h at 37 ° C, the plates were monitored at specific time points using a Power-DOI: 10.1159/000496206
Wave XS microplate reader (BioTek, Winooski, VT, USA), which measured absorbance at 450 nm. Absorbance at 630 nm was used as a reference.
Cell Cycle Assay
After the LNCaP, 22RV1, and PC-3 cells were transfected for 72 h, the cells were collected and incubated in 0.03% Triton X-100 and propidium iodide (50 ng/mL) for 15 min. Then the cells were detected by a fluorescence-activated cell sorting (FACS) flow cytometer (BD Biosciences, San Jose, CA, USA) and analyzed with ModFit software (Verity Software House, Topsham, ME, USA).
Gene Ontology and KEGG Pathway Analysis
The Molecule Annotation System (MAS, version 3.0), provided by CapitalBio Corporation (Beijing, China; bioinfo.capitalbio. com/mas3/) was used to determine the biological roles of differentially expressed mRNAs. Gene functions were classified into three subgroups: biological process, cellular component, and molecular function. The enriched gene ontology (GO) terms were presented by enrichment scores. KEGG pathway analysis was carried out to determine the involvement of differentially expressed mRNAs in different biological pathways. The recommended hypergeometric p value used as the cut-off was p < 0.05.
Statistical Analysis
The numerical data are presented as the mean ± standard deviation (SD) of at least three determinations. Statistical comparisons between groups of normalized data were performed using the t test or Mann-Whitney U test according to the test condition. Statistical comparisons among multiple groups of normalized data were performed using one-way analysis of variance followed by a Dunnett's post hoc test. p < 0.05 was considered statistically significant with a 95% confidence level.
Results

miR-192-5p Is Upregulated in PCa
By analyzing the GSE21036 dataset, we found that miR-192-5p was significantly upregulated in PCa tissues compared to nontumor tissues (Fig. 1a-c) and was overexpressed in metastatic samples compared to primary tumor tissues (p < 0.001; Fig. 1a) . Furthermore, we evaluated the expression levels of miR-192 with clinical varies. As shown in Figure 1c , we found miR-192 to be overexpressed in patients with T2 (p < 0.05), T3 (p < 0.05), and T4 (p < 0.001) PCa compared to healthy controls (Fig. 1c) . Subsequently, the patients in GSE21036 were categorized based on Gleason grades; the results demonstrated that miR-192 expression levels in Gleason grade 6 (p < 0.05), 7 (p < 0.05), 8 and 9 (p < 0.001) PCa samples were higher than those in matched normal tissues (Fig. 1b) .
In order to further validate our findings, we analyzed an independent dataset -TCGA. The results demonstrated that miR-192 was significantly upregulated in PCa samples compared to matched normal samples (Fig. 1d , p < 0.01). In order to detect whether miR-192 was specifically upregulated in PCa, we evaluated the expression pattern of miR-192 in several other types of human cancer, including kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), and liver hepatocellular carcinoma (LIHC) by analyzing TCGA datasets. Interestingly, we observed that in miR-192 expression was not altered in KIRC compared to normal samples (online suppl. Fig. 1A ; for all online suppl. material, see www.karger.com/doi/10.1159/000496206), and was downregulated in KIRP (online suppl. Fig. 1B ) and LIHC (online suppl. Fig. 1C) .
The Kaplan-Meier method was also performed to further investigate the prognostic value of miR-192 in PCa. As demonstrated in Figure 1e , compared with patients with high miR-192 expression, the biochemical recurrence (BCR)-free survival rates were higher in patients with low miR-192 expression in this dataset. These results suggested the important roles of miR-192 in PCa.
Overexpression of miR-192-5p Promoted the Proliferation of PCa Cells
To explore the potential effect of miR-192-5p on the proliferation of PCa cells, we performed the CCK-8 assay by transfecting LNCaP, PC-3, and 22RV1 with NC or miR-192-5p mimics. As shown in Figure 2 , we found that miR-192-5p significantly promoted the growth rate of LNCaP (p < 0.001), PC-3 (p < 0.001), and 22RV1(p < 0.05) cells. The transfection efficiency is shown in Figure 2a -c.
Overexpression of miR-192-5p Promotes Cell Cycle Progression in vitro
We then assessed the function of miR-192-5p on cell cycle profiles of LNCaP, PC-3, and 22RV1 cells. Flow cytometric analysis revealed that overexpression of miR-192-3p in LNCaP (Fig. 3a) , PC-3 (Fig. 3b) , and 22RV1 (Fig. 3c ) cells resulted in a significant increase in the proportion of cells in the S phase and a decrease in the proportion of cells in the G1 phase. Taken together, these results suggested miR-192-5p inhibits proliferation of PCa cells by inducing G1-phase cell cycle arrest.
Bioinformatic Analysis for miR-192-5p in PCa
We performed bioinformatics analysis for miR-192-5p to explore its potential mechanisms in PCa by using its targets. The Starbase [21, 22] and miRTarBase datasets were used to identify validated targets of miR-192-5p (Fig. 4a) . A total of 166 targets of miR-192-5p was used to perform the GO categories analysis. Our data revealed that miR-192-5p affects the regulation of the cellular metabolic process, regulation of gene expression, DNAtemplated regulation of transcription, nucleic acid metabolic process, organic cyclic compound metabolic process, cellular macromolecule biosynthetic process, cellular aromatic compound metabolic process, heterocycle metabolic process, cell cycle, anatomical structure morphogenesis, RNA metabolic process, and chromosome segregation (Fig. 4b) . Moreover, we constructed a protein-protein interaction network based on the miR-192 target protein (Fig. 4c) .
Discussion
PCa is a leading cause of cancer-related deaths in men worldwide. The Gleason grade, PSA, and clinical stage are the most widely used pretreatment prognostic parameters for PCa patients. However, the prognosis of PCa patients is limited due to the limitation of these prognostic biomarkers [8, 23, 24] . Emerging studies have started to identify novel biomarkers for PCa and have found that noncoding RNAs are associated with PCa progression. Recent reports showed the prognostic value of noncoding RNAs in the diagnosis of PCa diagnosis. For example, PCA3 showed better performance than PSA in urinary detection of PCa [25] [26] [27] . In the present study, we found that miR-192 is significantly upregulated in PCa and associated with a shorter BCR-free survival time. We also analyzed the expression pattern of miR-192 in several types of human cancers, including KIRC, KIRP, and LIHC. Interestingly, we observed that miR-192 expression was not altered in KIRC compared to normal samples, and was downregulated in KIRP and LIHC. These results suggest that miR-192 is specifically upregulated in PCa. In recent years, several studies have demonstrated that miR-192 is involved in the progression of human cancer. miR-192 could act as either an oncogene or a tumor suppressor in human cancers. For example, miR-192 promotes the proliferation of cancer cell in hepatocellular carcinoma [17] and esophageal squamous cell carcinoma [18] by inhibiting their targets. However, miR-192 inhibits cell proliferation of bladder cancer cells via targeting cyclin D1, p21, p27, Bcl-2, Bax, and Mcl-1 [14] . The functional roles of miR-192 in PCa remains unclear. In this study, we performed a gain of function assay to evaluate the roles of miR-192 in PCa. We found that overexpression of miR-192 significantly promotes cell proliferation by reducing G1-phase cell cycle arrest. Our results strongly suggest that miR-192 may act as an oncogene in PCa. Although several studies have shown that miR-192 could target YY1, CCNT2, and GATA6 in human cancers, the mechanism of miR-192 in regulating PCa progression remains unclear [28, 29] . In the present study, we performed bioinformatics analysis for miR-192-5p to explore its potential mechanisms in PCa by using its targets. Our data revealed that miR-192-5p affects several biological processes, including regulation of the cellular metabolic process, regulation of transcription, and cell cycling.
Our study suggests that miR-192-5p could serve as a novel biomarker for PCa. However, several limitations of this study should be noted. First, we did not know whether the increase of miR-192 in public datasets is reflected in PCa cells or in other cell types, including fibroblasts, vascular endothelial cells, and so on. In future studies, we should evaluate the expression pattern of miR-192 in PCa cells, fibroblasts, and vascular endothelial cells. We suggest that this will help determine whether miR-192 could serve as a specific target for PCa.
Conclusion
In this study, we found that miR-192 is overexpressed in PCa samples compared to normal samples. The analysis using the dataset of TCGA revealed that miR-192 is upregulated in high-grade PCa compared to low-grade PCa. We also observed that higher miR-192 expression is associated with a shorter BCR-free survival time. These results demonstrated that miR-192 may promote proliferation of PCa cells and cell cycle progression. The results suggest that miR-192 may be considered as a potential diagnostic marker and therapeutic target of PCa.
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